In the International Linear Collider (ILC) positron source, multi-GeV electrons or multi-MeV photons impinge on a metal target to produce the needed positrons in the resulting electromagnetic showers. The incoming beam power is hundreds of kilowatts. Various computer programs -such as FLUKA or MARS -can calculate how the incoming beam showers in the target and can track the particle showers through the positron source system. Most of the incoming energy ends up as heat in the various positron source elements. This paper presents results from such calculations and their impact on the design of a positron source for the ILC.
INTRODUCTION
The ILC is a proposed e + e -linear collider with nominal center-of-mass energies 0.5-1.0 TeV. The positron beams are provided by a positron source [1] . Table 1 shows the nominal parameters of such a source taken from the US Linear Collider Technical Options Study (USLCTOS) [2] . From this table two things are immediately obvious. First the incident beam powers for either an electron or photon drive beam are about the same, nominally 222 kW for photons and 280 kW (2 targets x 140 kW) for the electrons. Secondly only a small fraction of the incoming beam energy is deposited in the target itself. To see where the rest on the beam energy goes, simulations using FLUKA [3] were carried using a geometry representative of a positron source. Figure 1 shows a schematic of a generic positron source. The incoming drive beam (e -or γ) hits a target, typically tungsten-rhenium alloy for electrons or titanium alloy for photons. In both cases the target is about 1.5 cm thick. The produced positrons are focused and matched by a solenoidal field and captured and accelerated by an Lband RF system. At about 250 MeV, the positron beam is separated from the electrons and photons resulting from the electromagnetic showers and further accelerated and transported to the damping ring complex. In order to simulate heat deposition for such a source, a cylindrical geometry was defined for input into FLUKA. Figure 2 shows a section of this geometry. Rotating this section 360º around the horizontal (z) axis defines the "positron source". This source is finely segmented into rings in order to determine the distribution of energy depositions. The target is a thin segmented disk just before the z=0 point on the horizontal axis and the beam hits the center of this disk. There are three distinct regions, all cylinders 55 cm in radius, described by this geometry. The first is between z = -100-0 cm. This region represents the pre-target shielding and contains the target itself. The target is a disk 30 cm in radius and either 1.35 cm (4.0 r.l.) of tungsten or 1.42 cm (0.4 r.l.) of titanium. Before the target is a cylindrical air volume 30 cm in radius which is surrounded by iron "shielding". The innermost segments are disks 2.6 cm in radius. The rest of the shielding is segmented into rings all 5 cm thick in z. Radially the rings dimensions are r = 2.6-8. 
SIMULATION GEOMETRY

RF Cavities
In the third region the volume between r = 0-11.9 cm represents the RF cavities. Reference [4] gives a description of what L-band RF systems for use with the ILC positron source are possible. Figure 3 show a section of an actual cavity design and its FLUKA representation. The walls of the cavity in FLUKA are segmented every 5.75 cm in z and the irises are segmented in r as indicated in Figure 3 . The volume between the irises and the volume in the cylinder from r=0-2.6 cm is a vacuum. Additionally there can be a beam halo collimator after the target. This consists of tungsten which occupies the space from the target to the upstream face of the second RF iris -of course there is still a 2.6 cm radius hole in this collimator for the beam. Table 2 shows a summary of the results of the FLUKA simulations for heat deposition in the RF cavities. The four columns of numbers are for the photon drive beam, the photon drive plus beam halo collimator, the electron drive beam, and the electron drive beam plus beam halo collimator respectively.
FLUKA SIMULATION RUNS
ANALYSIS AND RESULTS
Heat Deposition in the RF Cavities
In the photon drive beam case, the shower products are very forward peaked and of the 220 kW of incoming beam power 22.6 kW -10.3% -of the beam power is deposited in the target and 13.5 kW -6.1% -is deposited in the copper RF structure. Of the beam power deposited in the RF structures 73% goes into the irises and 24% is deposited in the innermost 1.05 cm rings of the irises. Adding in the tungsten collimator improves the situation significantly, reducing these energy depositions by a factor of approximately four. number not too different that in the photon drive case. However, in the electron drive beam case the shower products coming out of the target have a much larger angular spread and the other energy deposition numbers are very different. The energy deposited in the RF is 148.4 kW -53% -of the incoming beam power of which 125.1 kW goes into the irises. The innermost 1.05 cm rings of the irises receive 60.9 kW of the incoming beam power. The addition of a tungsten collimator to the simulation improves the situation by absorbing about one third of the power exiting the target, not as much as the factor of four in the case of the photon drive beam. Nonetheless the power deposited in the L-band RF system is still almost 100 kW of which 46 kW is deposited in the innermost rings of the cavity irises.
The innermost iris ring -corresponding to r = 2.6-3.65 cm -heat deposition power density is shown in Table 3 . The columns represent the iris # (the RF cavity consists of 20 cells), the zmin and zmax of the iris, the power density for the photon drive beam with and without the collimator and the power density for the electron drive beam with and without the collimator. It is seen that in the case of the photon drive beam most of the power in the irises is deposited in the first few irises and the beam halo collimator is very good at cleaning this up. However in the electron drive beam case the power is deposited more uniformly and significant power -and much more relative to the photon drive beam -is deposited along the entire length of the cavity. In this case the collimator cleans up the power deposition in the first couple of irises leaving the rest of the power deposition unaffected. The energy deposited in the RF structures has to be removed. In case of the electron drive beam, this is a significant constraint on the RF system design and the maximum accelerating gradient that can generated in the L-band RF system.
Heat Deposition in the Solenoid
The capture section of a positron source requires a solenoidal field. In order to determine whether a superconducting solenoid can be used to generate this field, an estimate of the heat deposition in such an object resulting from the drive beam hitting the target has to be made. The outer most cylinder in the third region -z = 0-230 cm and r = 50-55 cm -is made of aluminum and represents a solenoid. As described in the FLUKA geometry section, the RF cavity is surrounded by alternating layers of tungsten and boron to act as shielding for the solenoid. The results of the calculation are shown in Table 4 . It is seen that the heat deposition in the "solenoid" can be made insignificant even with the simple shielding arrangement in the FLUKA geometry. Heat losses in the solenoid are less than one watt for incoming beam powers of a few hundred kW. Such heat losses are easily handled by magnet cryogenics and a superconducting solenoid can be considered for the positron capture system. Table 4 also indicates that a fraction of one percent of the beam power comes back out of the target and this region can also be used for a (shielded) superconducting solenoid.
